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Linear Syllogisms. 1

Abstract

The present article tests a proposed model of linear syllogistic reasoning on

both determinate and indeterminate linear syllogisms. The proposed model, which

includes processes acting upon both linguistic and spatial representations for in-

formation, is shown to be able to account for solution latencies from both kinds of

linear-syllogism problems. These demonstrations of the internal validity of the

model are accompanied by a demonstration of its external validity whereby composite

and component scores for individual subjects are correlated with scores from verbal,

spatial, and abstract reasoning tests. A number of significant and substantial

correlations confirm the relationships of components of the proposed mixture model

to performance on tasks quite different in surface structure from the linear syllo-

gisms. It is concluded that although the proposed model is not the true one (il

that it does not account for all of the reliable variance in the latency data), it

provides a good approximation to the strategy many subjects use in the solution of

linear-syllogism problems.
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Reasoning with Determinate and Indeterminate

Linear Syllogisms

In a linear syllogism, an individual is presented with two premises, each de-

scribing a relation between two terms. One of the terms overlaps between premises.

The individual's task is to use this overlap to infer the relations among the three

terms of the linear syllogism, and then to answer a question that requires knowledge

about one or more of these relations. A typical linear syllogism is

Len is taller than Bob.

Bob is taller than Sam.

Who is tallest?

Linear syllogisms such as this one are referred to as determinate because it

is possible to determine from the premises the (height) relation between each possible

pair of terms. In this particular problem, an individual can infer that Len

is tallest, Sam is shortest, and Bob is intermediate in height between Len and Sam.

The answer to the question is therefore "Len." Had the question been "Who is short-

est?" it would have been answerable as well, and the answer would have been "Sam."

Not all linear syllogisms are determinate. Consider the linear syllogism

Len is taller than Bob.

Len is taller than Sam.

Who is tallest?

In this problem, the correct answer is again "Len." But note that if the question

had been "Who is shortest?" it would have been unanswerable, becatisc tile premises

do not contain sufficient information to infer the answer. Although one knows that

Len is tallest, one cannot distinguish between the relative heights of Bob and Sam.
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Linear'syllogisms such as this one, which do not permit inference of the (height)

relation between each possible pair of terms, are referred to as indeterminate.

Psychologists have been investigating the representations and processes people

use in solving linear syllogisms since Burt's (1919) adoption of the linear syllo-

gism for one of his tests of mental ability. In recent years, a vigorous debate

has arisen regarding whether subjects' representations of the relations among terms

are spatial (DeSoto, London, & Handel, 1965; Huttenlocher, 1968; Huttenlocher &

Higgins, 1971), linguistic (Clark, 1969a, 1969b), spatial earlier during practice

with the items and linguistic later during practice (Johnson-Laird, 1972; Wood,

Shotter, & Godden, 1974), linguistic earlier during practice and spatial later

during practice (Shaver, Pierson, & Lang, 1974), or both spatial and linguistic

(during all phases of practice) (Sternberg, 1980a, 1980b, 1980c). Others have

claimed that representation can be of limited import: Quinton and Fellows (1975)

have suggested that at least some subjects use a shortcut algorithm that all but

bypasses the need for complex reasoning on any kind of data base. Although the

nub of the debate has been the form of representation individuals use in solving

linear syllogisms, the debate has also'concerned the processes individuals use:

Investigators proposing different representations of information have also proposed

different processes to operate upon these representations.

The debate regarding representation and process in linear syllogistic reasoning

has proceeded on the basis of an incomplete data base, because with the exception

of Clark (1969a), no one has investigated in detail performance on indeterminate

linear syllogisms. Yet, there is no reason to believe that indeterminate problems

are of any less consequence than determinate ones. The transitive inferences one

needs to make in everyday life often need to be made on the basis of partial and

necessarily incompl.te informiat ion regarding the complete set of itcms that mi glht

be of Nit1 rest. lor most people, iak ing decisions on the basis of part ial inforl-1 -

___dw



Linear Syllogisms 4

tion is a way of life. Moreover, there is no a priori reason to believe that the

representations and processes used in solving determinate linear syllogisms (or

problems of other kinds) are the same as those used in solving indeterminate ones.

Without suitable modification, the models of linear syllogistic reasoning that have

provided at least moderately gocd descriptions of data obtained from determinate

linear syllogisms would provide only poor descriptions of data obtained from in-

determinate ones.

This experiment does not seek to compare alternative information-processing

models of linear syllogistic reasoning. Such comparisons have been carried out in a

set ofexperiments investigating subjects' performance in solving determinate linear

syllogisms (Sternberg, 1980a, 1980b, 1980c), and all of the experiments have sun-

ported the mixture model over the competing spatial, linguistic, and algorithmic

models. In the present context of indeterminate as well as determinate linear

syllogisms, only Clark (1969a) has extended his linguistic model to apply to inde-

terminate linear syllogisms. In the form it is presented, Clark's extended model

does not permit quantification; the model can be quantified with a few reasonable

assumptions, however. When these assumptions are made, the quantitative predictions

of the model for indeterminate problems are the same as those for the mixture model.

Hence, the present experimental context was not a suitable one for testing of al-

ternative models. It was suitable, instead, for extending the information-process-

ing stipulations and quantitative predictions of the mixture model to incorporate

indeterminate as well as determinate linear syllogisms.

The goal of the present experiment, then, is to extend our understandingi of

how people solve linear syllogisms to indeterminate as well as determinate ruasonin:'

problems. In an effort to reach this goal, an Information-proces.sinfg model is pro-

posed and then internally validated on latency data collected from colle,, 111d,.ntl;

asked to solve both determinate and Indeterminate linear syllojk'vi1, ';, 1he dc I is

[, -: - :
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externally validated by correlating composite and component scores with scores on

psychometric ability tests. The overall validation procedure is intended to show

both the ability of the model to account for the present experimental data and the

relation of model parameters to external measures.

Model of Linear Syllogistic Reasoning

This section describes the proposed model of linear syllogistic reasoning. The

mixed model has not been previously extended to indeterminate items, but is so ex-

tended here. The information-processing and mathematical models described here are

extensions of the models proposed by Sternberg (1980c). The model will first be V
described in its application to determinate problems, using as an example, "C is

not as tall as B; A is not as short _ B; who is shortest?" The extension of the

model to indeterminate problems, using as an example, "A is taller than B; C is

shorter than A; who is shortest?" will then be described. A flow chart for the model

is presented in Figure 1.

Insert rigure 1 about here

According to one mixture model (of the many that are possible), information

from the two premises of a linear syllogism is first decoded into a linguistic

format and then recoded into a spatial format. When the subject is asked who is

tallest, the subject scans the spatial array for the correct answer, and in certain

cases, confirms the result of this scan by checking the linguistic propositions.

This model attempts to capture some of the best features of the spatial and lin-

guistic models, and also contains features found in neither of the previous two

models.

The terms of the syllogism are first decoded from surface-structural string-s into

linguistic deep structures. These linguistic deep structures then form the ba,,i:s for

the construction of spatial arrays, one for each premise. Marked adiectives are

-,. - .* ,~ h~
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assumed to increase processing time, both through increased linguistic decoding time

and through increased spatial encoding time. Negations are handled with new arrays

constructed from the original arrays by flipping the elements of the original

arrays in space.

Consider first how information is combined in determinate problems. In order

for the subject to combine the terms of the premises into a single spatial array,

the subject needs the pivot (middle term) available. The pivot is either immediatelv

available from the spatial encoding of the premises, or else it must be located.

The pivot is immediately available in all (a) affirmative problems and (b) negative

problems in which the second premise begins with the pivot. Pivot search is assumed

to be Preded if the working-memory demands of the problem exceed working memory

capacity (see Sternberg, 1980c). In the example problem, the second negative pre-

mise does not begin with the pivot, but with an end term, so that the pivot must be

located as the term that overlaps between the two two-item spatial arrays. Once

the pivot has been located, the subject seriates the terms from the two two-item

spatial arrays into a single three-item array. In forming this spatial array, the

subject starts with the terms of the first premise, and ends with those of the second

premise. The subject's mental location after seriation, therefore, is in that half

of the array described by the second premise (which is the top half in the example).

The subject next reads the question. If there is a marked adjective in the question,

the subject will take longer to decode the adjective linguistically, and to seek the

response to the problem at the nonpreferred (usually bottom) end of the array. The

response may or may not be immediately available. If the correct answer is in the

half of the array where the subject just completed seriation (his or her active lo-

cation in the array), then the response will be immediately available. If the ques-

tion requires an answer from tile other half of the array, however, the subject will

have to search for the response, mentally traversing the array from one half to the

&"
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other and thereby consuming additional time. In the example, the subject ends up

in the top half of the array, but is asked a question about the bottom half of the

array ("Who is shortest?"), requiring a search for the response.

Under certain circumstances, the subject checks the linguistic form of the pro-

posed response against the form of the adjective in the question. In particular,

this checking occurs if the terms of the premises have not been carefully encoded

into a sharp spatial image. If the two forms are congruent, the subject responds

with the designated answer. If not, the subject first makes sure that congruence

can be established, and then responds (see Sternberg, 1980c). In the example, con-

gruence must be established, since the shortest term, C, has previously been decoded

in terms of the adjective tall. Once congruence has been established, C can be

recognized as the correct answer to the example problem. In the context of the

present experiment, checking for congruence was assumed not to be needed, since the

need to differentiate indeterminate from determinate linear syllogisms was assumed

to encourage careful encoding of the premises of each problem.

Indeterminate linear syllogisms are assumed to be easier to solve, on the average,

than determinate ones, because in constructing a single three-item array from the two

two-item arrays, one needs to construct a determinate relation between only two of

the three possible pairs of relations; in contrast, a determinate linear syllogism

requires construction of a three-item array showing determinate relations between

all three possible pairs. Processing of indeterminate linear syllogisms can be

facilitated only if subjects recognize such syllogisms as indeterminate. In this

model, recognition is assumed to occur once the individual premises are each lin-

guistically and spatially encoded. These encodings will be needed regardless of

whether the problem is determinate or indeterminate. First, the subject is theorized

to query him- or herself as to whether the adjectives in the premises are the same

and the positions of the repeated terms the same in each premise. If so, the prob-

lem is indetermi,. ; if not, the problem may still be Indeterminate. The i;uhi,'ct
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next queries him- or herself as to whether the adjectives in the premises are dif-

ferent and the positions of the repeated terms different in each premise. If so,

the problem is indeterminate; if not, the problem is determinate. If the problem

is indeterminate, the positions of the overlapping term in the two spatial arrays

representing the two premises are the same, and the two arrays can be essentially

superimposed at the pivot point, rather than joined end to end at the pivot point.

Superimposition is assumed to be faster than end-to-end joining. Finally, the

subject responds.

Method

Subj ects

Subjects were 18 undergraduates attending the Yale summer term. All partici-

pated for pay of $2.50 per hour.

Materials

Stimuli were two-term series problems and three-term series problems (linear

syllogisms) in which the terms were common male and female names. Half of the

three-term series problems were determinate (i.e., the ordering of all three terms

along the dimension specified by the problem could be completely ascertained) and

half of the three-term series problems were indeterminate (i.e., the ordering of

the three terms could not be completely ascertained).

The eight types of two-term series problems varied dichotomously along three

dimensions: (a) whether the premise adjective was marked or unmarked; (b) vhether

the question adjective was marked or unmarked; (c) whether the premise was affirm-

ative or negative. The two-term series problems were used to estimate an elicoding

parameter (mean three-term latency minus mean two-term latency) in ex-

ternal analysis.

The thirty-two types of determinate three-term series prohlm: varied dichoto-

mously along five dimensions: (a) whetlher the first premise adiective wns im;rked
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or unmarked; (b) whether the second premise adjective was marked or unmarked;

(c) whether the question adjective was marked or unmarked; (d) whether the premises

were affirmative or negative; (e) whether the correct answer was in the first or

1
second premise. The thirty-two types of indeterminate three-term series problems

varied in the same way as the determinate three-term series problems, except that

the variation in (e) was in whether the problem was answerable or not, rather than

in where the correct answer was. A problem was answerable if one term could be

uniquely selected as the answer to the question. A problem was unanswerable if

either of two terms could be selected as the answer to the question. In these cases,

subjects were instructed to select the answer, "I," signifying an indeterminate

probler.

For problems of all kinds, there were three replications of each item type,

one using the adjective pair taller-shorter, one using the adjective pair better-

worse, and one using the adjective pair faster-slower.

Apparatus

Problems were presented via a Gerbrands two-field tachistoscope with an attached

centisecond clock.

Procedure

Subjects were first shown examples of typical two- and three-term series prob-

lems, and were told that their task was to solve items of each of these types. These

items, and the practice items given later, used the adjective pair older-volncer,

which was not used in the actual test items. Instructions to subjects indicated

that they should solve the problems as quickly as they could without making errors.

*' Testing was done in two sessions. The first session consisted first of the pre-

sentation of 12 practice items, ecuallv divided amonp two-term series problems,

determinate three-term series problems, and indeterminate three-term series prob-

lems (randomly intermixed). The practice items were followed by 216 test items,

= ' .,:•.: 4:. * .:',4 -,-. .,: ... i'"!. : " " . ':' " 7! '":. ... ...
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including 24 two-term series problems, 96 determinate three-term series problems,

and 96 indeterminate three-term series problems. Items were blocked by the par-

ticular adjective pair (taller-shorter, better-worse, faster-slower), with order of

blocks counter-balanced across subjects. Determinate and indeterminate items were

randomly intermixed. The second session consisted exclusively of ability testing.

Subjects received two verbal ability tests--analogies from the Concept Mastery Test

and from the Differential Aptitude Test Verbal Reasoning subtest--two spatial abil-

ity tests--mental rotation from the SRA Primary Mental Abilities (adult level) and

spatial visualization from the Differential Aptitude Test Spatial subtest--and two

abstract reasoning ability tests--abstract reasoning from the Differential Aptitude

Test (which requires geometric series completions) and figural analogies from the

American Council on Education college ability battery.

10.

.. . . i ..~ .... .. . . . i ii i i . .. . .
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Results

Basic Statistics

Mean response times were 3.71 seconds for two-term series problems and 8.42

seconds for three-term series problems. Error rates for these two types of prob-

lems averaged 1% and 5% respectively. Since the three-term series problems were

the problems of primary interest, further analyses dealt almost exclusively with

them. The various types of three-term series problems were of unequal difficulty.

Mean response times were 8.13 seconds for affirmative determinate problems, 9.64

seconds for negative determinate problems, 7.04 seconds for affirmative indetermi-

nate problems, and 8.89 seconds for negative indeterminate problems. The effect

of determinacy was. significant, F(1,17) = 27.00, p <.001, us was the effect of

negation, F(1,17) = 78.36, p <.00 1 . The interaction between the two effects

was not significant, F(1,17) = 3.02, p). 0 5 .

The latency data were highly reliable. Reliabilities (coefficient alpha com-

puted across all possible split halves of subjects) were generally in the high

.90s for the entire set of data and for determinate and indeterminate items con-

sidered separately.

Mathematical Modellnj j of Latency Ibira

Latencies for each of the 32 determinate and 32 indeterminate problems (64 datI

points in all) were modeled by a linear model based upon the information-processir.z

model described earlier. The complete set of data points Is described in Table 1.

Table A of the appendix presents the complete set of independent variables and

Insert TableI -about here

values on these variables used to fit the linear models. Psychological reft-rent!;

of the independent variables are described in the presentations of the informatio;,-

processing model given earlier.

A

- __ _ __- --_ - - - -- w_- - --_
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Parameter estimates and model fits (expressed in terms of squarud correlation-

between predicted and observed latencies) are presented in Table 2. Model fits arc

for all problems, including ones correctly and incorrectly solved. All analyses '-cr,.

also done for problems answered correctly only: Patterns of results were essenhi.1-

ly identical to those presented here.

I-

Insert Table 2 about here

The mixture model fared well in predicting the latency data. Further support

for the mixture model derives from the fact that all parameter estimatcs (based

on determinate and indeterminate linear syllogisms) differed significantly from

zero. The estimates were also plausible. In particular, the valu of the response

constant (labeled response+ because it also contains within it any other latencieg

that were constant across item types) seemed at least relatively unconfounded:

The value of 4.28 seconds is similar to the values obtained for response in other

tachistoscopic tasks such as analogies (see Sternberg, 1977). Model fits were cot.-

puted separately for each adjective and for each session: Although values of R2

were generally lower, as would be expected because of the reduced numbrs of obser-

vations contributing to each data point, the model did about equally well for each

subset of data. The good fits of the model to the data and subsets of the data art,

consistent with the results from seven previous experiments (Sternber8, 19Xa, I - ,

1980c; Sternberg & Weil, 1980). hen the lane lin,..r

model was fit to the data for errors, the squared correlation was e(uAl to .50.

Predicted versus observed latencies for the three-term and two-term scries problk

are shown in Table 1.

The analyses described above have been concerned with internal vl iidat ion of

model of linear syllogistic reasoning. A separate analysis was done in o)rder to

demonstrate the external validity of the task and model. If he I int --\'l i
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task is to be of general interest, and if the proposed model of linear-syllogistic

reasoning is to be of interest beyond the study of the linear-syllogisms task con-

sidered by itself, then it should be possible to show significant relationships be-

tween composite and component latencies and scores on tests that have been pre-

viously shown to be of interest in predicting a variety of criteria. The verbal,

spatial, and abstract reasoning tests used in the present experiment served this

purpose. All of these tests have been shown in the past to be useful as predictors

of a variety of external criteria, such as grades in school. Because the three

kinds of tests were significantly correlated with each other, both within and be-

tween abilities, it was not possible to draw useful conclusions about differential

predict'on in this exneriment. However. the correlations in Table 3 show that

composite and component scores on the linear-syllogisms task were significantly

and in some cases substantially related to scores on the three kinds of ability

tests.

Insert Table 3 about here

Overall latencies were significantly correlated with abstract reasoning ability,

and overall error rates were significantly correlated with verbal, spatial, and

abstract reasoning abilities. Scores on four of the seven components of interest

(excluding the response+ component) were significantlV correlated with at 1ta,:!;t one

of the ability scores. The general pattern of results suggest that lincar ,'llogis',

provide, a useful measure of abstract reasoning ability. The obtained torrte latians

betwen composite (and some component) scores on the linear-svll o;ri ;m- ti. and the

abstract rasonirig test composite are about as high as different ab!.tract raion i

tests correlate with each other in the ps'ychometric literature1. Io-.t of li( corr,-

lation of the litency score with abstr.r't rea;;oning,, seems to dcive fr m tht, c,,p .

corrulat;ions with abstract reasioning of ecoding, mnrking, anid i ,,rth (,.,1 ir;r.
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For the parameters applicable to determinate problems, the patterns of correlations

are similar to those obtained in previous analyses (Sternberg, 1980c; Sternberg &

Weil, 1980). The indeterminate parameters have not been estimated previously, So

no comparison to past data is possible.

C"..
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Dis cuss ion

This study provides the first quantitative test of the ability of any of the

primary current models of linear syllogistic reasoning to account for performance

on indeterminate linear syllogisms. Mathematical modeling of latency data showed

the success of the proposed mixture model in accounting for performance on such

items. The mixture model was shown to be externally valid as well as internally

valid by correlating component latencies with scores on standardized tests of ment-

al abilities. Several component scores, as well as composite latency and error

scores, showed significant correlations with the ability tests.

The present data are consistent with previous data (Sternberg, 1930a, 1980b,

1980c; Sternberg & Weil, 1980) in their support of the mixture model, and further

show that the ability of this model to account for solution latencies is not limited

to the 50% of the three-term series problems that are fully determinate. In fact,

the fit of the omodel to data was better for indeterminate problems than it was for

determinate ones, and it also accounted well for performance on two-term series

problems considered either alone or in combination with three-term series problems.

The model cannot account for data from three-term series problems with Just one

negation, but because of the unreliability of data from such problems, neither can

any other single model.

The fit of the mixture model to the latency data are well below the reliahiliti!

of those data, and hence the mixture model can be viewed only as an appro:xim.1t ion

to the still mknown strategy subjects actually use. The model is thus pJr-;'lnted

as an approximation to the true model, with the hope that future analvses will pro-

vide closer successive approximations to what sub jtcts actually do in solvin!, linear

syllogisms.

.* *~;i



Linear Syllogisms 16

The present data indicate the potential danger of attempting to resolve ques-

tions of internal representation in an "either-or" manner, it appears that the

irresolubility of the longstanding debate as to whether the internal representation

subjects use during the solution of linear syllogisms is linguistic or spatial has

derived in part from the fact that both kinds of representations are used at dif-

ferent points during the solution process. If the global data that past investi-

gators have used to compare predictions of spatial and linguistic models have been

ambiguous, it is in part because both spatial and linguistic representations are:V

used during solution, and some kind of componential analysis of the data is needed

in order to determine which kind of representation is used when.

In componential analyses of the kind presented here) a snecter sontines seems

to arise from the nossibilitv that as the ranee of a -iven model or set of models

is exnanded, the number of information-processinp components renuired to account

for data from the increasing, range of tasks that is analyzed will soon begin to

exceed any reasonable bounds. For example, the extension of the mixed model of

linear syllogistic reasoning to indeterminate problems required the addition of two

new parameters to the model. In this regard, it is worth noting that the processes

that are relevant to the current problems are ones that are relevant to mny other

kinds of problems as vell. Negations and marked adjectives, for examplk., appear in

linguistic material of all kinds, and hence the processing of such items is required

in almost any kind of text comprehension. As DeSoto et al. (1965) pointed out, peo-

ple have a notable predilection for linear arrays, and hence the encoding of linear

arrays, the search for pivot (overlapping) terms in such arrays, and the ;arch for

responses in such arrays, can be expected in a wide variety of tasks, inclutlitc.

categorical and conditional syl logistic reasoning: is well as linear .,'] h, it ie

reasoning (see Sternberg, 1980c). As in the tire;ent exoerim'ntial cont,-xt, i ra's

can he treated differentlv dependini tiion whttht r they can be i,,! or

- - - "4 1.
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whether they need to be ioined end to end. Thus, although the number of proposed

information-processing components has increased1 the ones identified in this and

similar studies seem to be ones that are not specific to a narrow ranpe of informa-

tion-processing tasks. Instead, we seem to be on the way toward the identification

of at least some of those components that matter in intellectual performance.

- 4t... .. .
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Footnote

The research reported in this article was supported by Contract N0001478C0025

from the Office of Naval Research to Robert J. Sternberg. I am grateful to Barbara

Conway for valuable assistance in data analysis, and to Pam Costa for typing the

manuscript. Requests for reprints should be sent to Robert J. Sternberg, Depart-

ment of Psychology, Yale University, Box 11A Yale Station, New Haven, Connecticut

06520.

1

In previous analyses of linear syllogistic reasoning (e.g., Clark, 1969a, 1969b;

Sternberg, 1980a, 1980b, 1980c), all problems contained either no negated premises

or all negated premises. In the present study, we included problems with one

negated premise, but the latency data from such problems were extremely unreliable,

suggesting strong intra- or inter-individual differences in strategies for solving

such problems. Because of the unreliability of these data, they were excluded from

consideration in the present report.

i"
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Table 1

Predicted versus Observed Response Times for

Each of the Problem Types

Problem Premises Question Response Times

Number First Second Predicted Obser.,ed

Three-Term Series Problems

Determinate Problems

1 A > B B > C > ?53 721

2 A > B B > C < 749 757

3B > C A > B 703 686

4 B > C A > B < 799 808

5 C < B B < A 795 875

6 C < B B < A 891 964

7 B < A C < B > 845 953

8 B < A C < B 841 S84

9 A > B C < B > 799 743

10 A > B C < B < 795 727

11 C < B A > B > 749 762

12 C < B A > B < 845 803

13 B < A B > C > 799 813

14 B < A B > C < 795 833

15 B > C B < A > 749 714

16 B > C B < A < 845 961

17 A B B C > 997 972

18 A B B C < 993 SS4

19 B 4 C A 4B > 1015 106S

20 B 4 C A 4 B < 111] 1167

21 C B B j A > 855 .F:

22 C B B A < 95] 94

23 B A C B > 973 921

24 B A C jB < 969 1

25 A B C + B > 101 Q,

26 A B C B < 10,

27 C B A B > 9()

28 C , B A B 106')

I'm'.
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Table 1 (Contd.)

Problem Premises Question Response times

Number First Second Predicted Observed

29 B A B C > 951 918

30 B 1A B C < 947 892

31 B C B jA > 901 855

32 B IC B A < 997 958

Indeterminate Problems

33 A > B A > C > 428 413

34 A > B A > C < 474 500

35 A > B C < A > 923 794

36 A > B C < A < 969 960

37 B < A A > C > 923 849

38 B < A A > C < 969 1013

39 B < A C < A .> 520 558

40 B < A C < A < 566 522

41 B > C A > C > 428 490

42 B > C A > C < 474 504

43 B > C C < A > 923 862

44 B > C C < A < 969 865

45 C < B A > C > 923 1002

46 C < B A > C < 969 986

47 C < B C < A > 520 497

48 C < B C < A < 566 441

49 B 1A C 1A > 580 668

50 B IA C jA < 626 638

51 B A A C > 1075 1018

52 B IA A C < 1121 1106

53 A B C A > 1075 1012

54 A B C A < 1121 1313

55 A jB A C > 672 671

56 A B A C < 718 710

57 C IB C A > 580 587

58 C B C A < 626 577
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Table 1 (Contd.)

Problem Premises Question Response Times

Number First Second Predicted 0bservee

59 C B A C >1075 1127

60 Cj.B A C <1121 1136

61 B C C A >1075 1262

62 B C C A <1121 1C62

63 B C A C >672 J-4

64 B C A C <718 670

Two-Term Series Problems

65 A >B >289 283

66 A >B <333 339

67 B <A >333 365

68 B <A <37' 314

69 B ~A >366 362

70 B A <409 424

71 A B >409 41-48

72 A B <452 Lfli

Note: Response times are expressed in centiseconds. The symbol > ref~rs to

the unmarked form of each adjective; < refers to the marked form. The

refers to the negative equative form of the statement. All predictions

are for the mixed model.
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Table 2

Model Fit and Parameter Estimates

for Three-Term Series Problems

Fit

2 (all three- and two-term series problems): .93
R (all three-term series problems): .89

2R (two-term series problems): .80

2 V

2
R2 (determinate problems only): .80

R2 (indeterminate problems only): .93

Parameter Estimates

Marking 46***

Negation 76***

Mixed Pivot Search 68*

Response Search 50*

Construction of Full .275***
Determinate Array

Mismatch of Premise Adjectives 449***
or Position of Repeated Terms

Response+ 428***

Note: All parameter estimates are expressed in centiseconds. Values of R2 are

between predicted and observed latencies.

*p < .05

**p < .01

***p < .001
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Table 3

Correlations between Latencies and Reference Ability Test Scores

Reference Ability

Latency Measure Verbal Spatial Abstract

Composite Scores

Overall Three-Term Latency -.39 -.31 -.58*

Overall Three-Term Error Rate -.57** -.48* -.65**

Component Scores
a

Encoding -.41 -.37 -.57**

Marking -.37 -. 63** -. 70 * * *

Negation -.01 -.02 -.35

Pivot Search .04 -.35 -.33

Respo:.e Search -.64* -. 61* -.27

Construction of Full Determinate -.34 -.23 -.44

Array

Mismatch of Premise Adjectives -.40 -.26 -.61**
Or Position of Repeated Term

Response+ .08 .29 .09

Note: Reference ability scores arc means of standard scores of each subject for each

of the two tests measuring each ability.

aEncoding score used here was estimated as the mean difference in latency between to-

and three-term series problems.

*p <.05

**p <.01

***. <.001

- - - - -- -Y
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Table A

Values of Independent Variables Used to Estimate Parameters

Problem..................................... Parameter ................................

Number
Pivot Response

Encoding Marking Negation Search Search Seriation Mismatch

1 2 0 0 0 1 1 0

2 2 1 0 0 0 1 0

3 2 0 0 0 0 1 0

4 2 1 0 0 1 1 0

5 2 2 0 0 0 1 0

6 2 3 0 0 1 1 0

7 2 2 0 0 1 1 0

8 2 3 0 0 0 1 0

9 2 1 0 0 1 1 0

10 2 2 0 0 0 1 0

11 2 1 0 0 0 1 0

12 2 2 0 0 1 1 0

13 2 1 0 0 1 1 0

14 2 2 0 0 0 1 0

15 2 1 0 0 0 1 0

16 2 2 0 0 1 1 0

17 2 2 2 0 1 1 0

18 2 3 2 0 0 1 0

19 2 2 2 1 0 1 0

20 2 3 2 1 1 1 0

21 2 0 2 0 0 1 0

22 2 1 2 0 1 1 0

23 2 0 2 1 1 1 0

24 2 1 2 1 0 1 0

25 2 1 2 1 1 1 0

26 2 2 2 1 0 1 0

27 2 1 2 1 0 1 0

28 2 2 2 1 1 1 0

44 .
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Table A (Contd.)

Problem .................................... Parameter .................................

Number
Pivot Response

Encoding Marking Negation Search Search Seriation Mismatch

29 2 1 2 0 1 1 0

30 2 2 2 0 0 1 0

31 2 1 2 0 0 1 0

32 2 2 2 0 1 1 0

33 2 0 0 0 0 0 0

34 2 1 0 0 0 0 0

35 2 1 0 0 0 0 ]

36 2 2 0 0 0 0 1

37 2 1 0 0 0 0 1

38 2 2 0 0 0 0 1

39 2 2 0 0 0 0 0

40 2 3 0 0 0 0 0

41 2 0 0 0 0 0 0

42 2 1 0 0 0 0 0

43 2 1 0 0 0 0 1

44 2 2 0 0 0 0 1

45 2 1 0 0 0 0 1

46 2 2 0 0 0 0 1

47 2 2 0 0 0 0 0

48 2 3 0 0 0 0 0

49 2 0 2 0 0 0 0

50 2 1 2 0 0 0 0

51 2 1 2 0 0 0 1

52 2 2 2 0 0 0 1

53 2 1 2 0 0 0 1

54 2 2 2 0 0 0 1

55 2 2 2 0 0 0 0

56 2 3 2 0 0 0 o

57 2 0 2 0 0 0 0

58 2 1 2 0 0 0

' .4.

---- * # .b,
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Table A (Contd.)

Problem ............................... Parameter ......................................

Number Pivot Response

Encoding Marking Negation Search Search Seriation Mismatch

59 2 1 2 0 0 0 1

60 2 2 2 0 0 0 1

61 2 1 2 0 0 0 1

62 2 2 2 0 0 0 1

63 2 2 2 0 0 0 0

64 2 3 2 0 0 0 0

65 1 0 0 0 0 0 0

66 1 1 0 0 0 0 0

67 1 1 0 0 0 0 0

68 1 2 0 0 0 0 0

69 1 0 1 0 0 0 0

70 1 1 1 0 0 0 0

71 1 1 1 0 0 0 0

72 1 2 1 0 0 0 0

Parameters were based on the following equalities (See figure 1):

Negation = NEG

Marking MARK = MARKI + MAR2 - NMARI - NTIAF2

Pivot Search = PSM

Response Search = RS

Seriation = SER + SUP

Mismatch = MISM

Response+ = RES + OR + (2) PR + (1.5) NMARI + (1.5) NMAR2

Note: The value of the independent variable for the response+ parameter was

always 1. Problem numbers are the same as those in Table 1, vlhere the

problems are described.

eJ01
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Figure Caption

Figure 1. Mixed model for determinate and indeterminate linear syllogisms.
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Navy Pprscnnel R' ) CEnter NAVY PFRSONNfEL R&l P CENTER

SnDifgo, CA 92152 SAII DIEGO, CA 92152

1 Mr . Arncld Rubc:n.-tL'in 1 Mr Jchn 11. Wlfe
Naval Personntel ",UjPprt TcnoloGy Ccode, P I C
iv, l Material Com-rrLMn (03T244) . .rxivy Personnel Piesea~rch ind

Rccm 10414, Cry:;!--! Plazn 15r TPzvclopncnt 'Center
2221 Jefferscn flvis- P-ighw-iy San Dicgc, CA 92152
Arlington, VA 20360

1 Dr. Vcrth '7canl: nd
Chief of ',13Vz Edueaticn and Training
Code N-5
NA". Pensacola, FL --l.503

I Dr . 17 im Schiflet, SY 721
Systv;ms Fineirerinj Test Pt rectornte
U.S. Eiv1Air Test Cente r
Ri tux ent Ri vcr, ,1) 2t'070

1 r'. PRbert G. Sci~h
(Offico of Chief cf Nava l Cporaticns
OP_0 Cl.t

Washington, DC ?5

IDr . Al fred F. : icdc
Training Analysis & Evaluaticn Group

(TAFG )
Dept. of the %Nivy
Orlz!-vc., FL 3:281 3

1 W. G'iry T'homsoni
N-ival ece'in Fystoem~ Center
Code 71??2
San Pi',c, CA 9?11h2

1 Dr. Fcmnild Ve itzjn. i

1>pirlmrlrt of Ai'nistra-tive Sciencos
U. ;. N!val Pcsf.'."rwiduatn~ :chool
rMntervy, CA C1f
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Armny Air Force

Technical Director 1 Air Univernity Librnry
U. S. Army R"5seorch Institutte fcr the AUL/LSE "1 /4 4 3

Behavicral ;-nd Sccial Sciences Maxw-2ll AVFB, AL 361 12
50011 Eis,'mhcwe r Avcnu.-
Alexandiria, VA 22 3~ 1 Dr. Earl A. Alluisi

110, AVIIRL (AVfC)
HQ US3PU)E & 'tn Ariny Crocks AFBS, TX 73235

USAARE'JE Dirr~ctcr of GED 1 Dr. Genevieve P.3dJad
APO New Ycrk 0) '1 ' projrari Manage2r

Life Sciences Directcrate

DR. RALPH DUSFK PAVOSR
U.S. AP'1Y RE';EARCH P15TITUTE B'olling AVFB, DC 20332
5n01 EINOWVRI AVENIUE
ALEYAMDI IA, VA 2?-3 1 Dr. Ronald G. H-ughes

AF[I R L/OTR
Dr. licha!el Kaplan Williams AFBS, AZ 85224

U. S. AR1Y P ESEARCI INSTITUTE
5001 E1T:;VNHC';'ER P-EU 1 Dr. Ross L. iMorgz'n (AF1IRL/LR)
ALEXANDISIA, VA ?2-533 Vright -Patterson AVIS

Ohio 451133
Dr. Milton S. Katz
Training Tpcimniczl Arci 1 Dr. Malcclm Roe
U.S. Prny Ptsenrch Institute AFHPL/1MP
5001 Eis?nhow~r Avenu, IPrcoks AFBS, TX 782375
Alexandriia, VA 2273'

1 ')r. Vorty Rcckway
Dr. Ha-.rcld V. O'Neil.* Jr. T' cinical Director
Att.n: PER'-OF API 4 (T)
Army R'seorch Tnstitute 1Uillik:is AVFB, AZ 5~22L4

'5301 Eiscrhcwer Avenu-2
PAlex.-'nd:ria, VA 22'3i 2 '00 TCHTW1/1TG! Stcp T2

Lrpprd AFP, TX 76--11
Dr. Rchvrt ")asmcr
U. S. trmy P-s' ar'd: Tnstitute fo:r 0:- 1 Jlic! A. Thcrq_ -:j . , Ii:SAV

Phaivicrii z-nd icil2ir~L.f.2 Sci -nccs Dirc-c'tcr-to
5001 Avenun !..rFAr-.u

Alexajndria,, VA ?-'!'.c1 1.n,; AVFL, DC cn??.7'2

Dr. Frc,!rsri,-k tihr
U. :7, Am-y P ,i'stitutfn
5001 F.iz-,niroi 'r tAV'1U'
Alexin1ri.- Vt.23?

Dr. Jcf 'ph 'a~

U. S. frx'iy F..:r ntitut!

Al nx.) ri , i.-
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Marines CoiastGuard

? H. Williaim Greenup I Chief, Psycholcgical h.2serch Eranch
Education Alvi~cr (~~)U. S. Co~ast Guard (G-P-1/2/TPL:2)
Educaiticri Center, MC1PEC Washington, DC 20593
Quantic, VA 221'4

1 Mr. T homas A. Warm
1 Headqu- rters, U. S. t'crine Crps U. S. Coast Guc~rd In.,Litutc

Code VPI-20 P. 0. Substaticn 13
Washington, DC 20300 Oklahoma City, OK 711(9

1 Special Assistant for K:arine
Corp3 11atters

Code 10TI~
Office of NLaval Pe:;c,-rct,
OO N. Quinz-y St.

Arlington, Vt. 22217

1 DR. A.L. SLAFFKO'zvY
SCIENTIFIC APVI3CR (CODE RD-i)
HO, U.S. 1!APTIJE C~rJP3
WASHINGTOTV, DC 2O3 0
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Other DoD Civil Govt

12 Dlefense~ Technical Information Center 1 Dr. Susanl Chip~i-n
Carinercn Station, Eld',; 5 Lezirrning and N\velcryient
Alexandria, VA 223114 Nation-11 Institute of Edu' aticn
Attn: TC 12fCl 19th Strecet f W

.1;shington, DC P0209
I Dr. exter Fletcher

ADVANCED RE-- ARC!I PROJECTS AGEM~Y 1 Dr. Jrseph 1. Lipson
1400 1-IL.SCU B3LVD. SUN' '1-633
ARLINGTO'J, VA 22209 National Science Fo-uniution

Washin:'ton, DC 20550
I !ilit,-ry Assinta-nt for Training and

Pe rsonncl Technology 1 Willij:a- J. McLqurin
Office of the Indcr Secretary of Pefense Ni. N)01, Internal Revenue Service

for Resenrch & Engineering 2P21 Jefferson Davis Ilihway
R m3D129, The Pentagon trlin-,ton, VA 22202

Washington, DC 203,01
I Dr. Andrew R. NIonar

Scie-nct. Education Dev.
zatwl Researct;

?Ntiond- Science FoundationI
Washing ton * DC 2055%

1 Purscnnel R&D Center
Office of Personnel Kiriagment
1910 E Street Nt-

Washington, DC 201415

I Dr. 11. Wallaco ' Sin;-:iKo
ProGfrv.ri Director
Manpower Research -!nl friviscry Services
Smbith:;onian institution
801 North Pitt Street
Alexndria, VA 22'11!

1 Dr. Frpnk Withrow
U. ". Office of F,.!uez:'Ion

"i) ryl -nd Avtc. ",
Wshing tcn, DC .C9

1 D!r..T:cp L. Ycun.,,, Di r c tc r
I y' Cogni t.i vc Pr c -srr
~. i.l gcenc~F-cw IrJtictl

.;ri'tcn, DC 2;r

rF
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Non Grvt Non Govt

Dr. John R. Anderson 1 Dr. Jackson F-.atty
Department of Psycholog-y Department of Psychology
Carnegie I-,ellcn University University of Califcrnia
Pittsburgh, PA 15213 Los Angeles, CA 9002b

1 Anderson, Thcnos H., Ph.D. I Dr. Isaac Pwejnr
Center for the Study of RPding Educational Testing service
174 Children's Research Center Princeton, NJ 053l
51 Gerty Drive
Champiagn, IL 6120 I Dr. ,ichczas A. Fcnd

Dept. of Psyciolrcy
Dr. John Annett Sacramento Statc Ccllegtc
Department of Psychology 600 Jay Strect
University of Warwick Sacramento, CA 95519
Coventry CV4 7AL
ENGLAND I Dr. Lyle Bourne

D-p3rtment of Psycholcoy
DR. N',ICAEL AT.JOOD University of Colorado
SCIENCE APPLTCATIONS INSTITUTE Boulder, CO 303')9
40 DENVER TECH. CENTER WEST
7935 F. PRENTICE AVENUE I Dr. Robert Erennan V
ENGLEWOCD, CO 80110 American College Testing Programs

P. 0. COx 168
I psychclogicnl research unit Iowa City, IA 522.40
Dept. of Defense (Arrmy Office)
Campbell Park Offices 1 Dr. John S. Prown
Cz-nberra ACT 2600, Australia XEROX Palo Alto Resc'rch Center

3333 Coyote Rczd
Dr. Alan P.oddelcy Palo Alto, CA 9430'1
Medical Resedrch Council

Applied Pnychcocy Unit 1 Dr. Pruce 'uehanan
15 Chaucer 9c.-d " Dep.rtment cf Comput.er Science
Cambridge CR2 2EF Stanfcrd Univcrsity
E NGLA W) Stanford, CA 9)I-3f5 r

Dr. Patricia Pagett 1 DE. C. VICTOP BU.,DEBR.Lj
lkparti'ent cf Psychclcgy WICAT TNC.
University of Pk.nver UNIVEFC1TY PLA7k, S IIIYF 10
University Park 1160 SC. STATE "T.
Denver, CC 9201 ORE!, UT C405*1'

tlr Avrcn Parr I Dr. P,,L Carp-nrtr
Department of Ccnput-r Scipnct I. [p;-m eno.. . cf P,;yc ,I .y
Stianford University Cirr,-M , Ilc n Ua ivr. ty
Stinford, CA 911"r,5 Pit-lsbur 'g , PA 15 1
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Non Govt lo n c v t

1 Dr. Jchn C. Corrc1 1 1 Dr . Lynn A. Coo~per
Psyclicictric L:ib LR DC
Univ. of No. Circfliri Univer~nity of Pittsburglh
Davie Fall1O~ 3939 O'11lara Strwert
ChFPPI Vill, INC ?7r,111 Pittsbur3h, PA 15213

1 Charles !'yers Library 1 Dr. 1Vercdith P. Cr ,wfcrd
Livingatone House Aerican Psycholic -,i1~ Associatiocn
Livincystone Robd 1200 17th Strv2t, ~.
St rnt ford W~ashingt'cn, DC 2r7'- 6
London F15 2LJ
ENGLA ?T' 1 Dr. Kennoth P. Cross

Anacapri Sciences, Inc.
1 Dr. V'illiam Chase P.C. IPraver 0

Departrient of Psycliclogy Santzi P3rbara, CA 93102
Cairnegie 1ellon University
Pittsburgh, PP. 1r,1.1 1 Dr. Emmnanuel DocncMn

Ceopartment of Psycholog-y
1 Dr. Micheline Chi University of Illinois

Learning R & D Ccrnter Ch a .,pi cyn , IL 61820
University of Pittsburgh
3939 0'Hcara Stree t 1 Dr. Hubert Dreyfus
Pittsburgh, PA 15213 D,?pa r tirn nt of Philosophy

n ivcr si ty of Califcrniii
I Dr. William Clancey Perkely, CA 94720

Deportrnent of CGoiput,,2r Sci'rncp
Stanford University 1 LCOL J. C. Eggenher~cr
Stanford, CA 0'4305 DIPECTO. ATE OF P~FRSc0'j.EL APPLIED

NATIONIAL DEFENCE flQ
1 Dr. Kcnn-'. F. Cl :rk 101 CkCLO*IL 13Y DRIVE

Collegce of Art5 't '-cierjces OTTA'JA, CANADA K I[. n',2
University of !LaI-ster
River C-impus ' -Qicn 1 ERIC FaCil ity-Acqui iCns-
Rochester, NY l4"I' 7 L1833 Rugby Avenu:

r£eth,:sda, MD 2171';
1 Dr. Normann Cliff

Dept. of Psychocc,y I Dr. Ed Fejgenrrnrmi
Univ. of 'c. C--l~ fcrnij rPeir-!1,nt of (c .1 ?"cience
University FParV 't.f(. r !In

Los Angeles, CA 9001C7 I-*C' C k

1 Dr. Allan I-. Collins1 I.

Pc~t r(,,~in !k , 1: .m in, nc. c 1Ir ,, -stin;, Prc7,r-s

Caribridgc, -'a P12
.K*:

t QIC

4A



YALEFTFNBFRG Nc v t,,br I14~ P"',I

Mon Govt. Ncri .cvt

1 Dr . Edwin t.. Fleishiazn 1 PIr H ir Hc *I:

Adv'rced P--rch Rescurces Or,an. Pt , ..r tri~ tit ci f Pny: )
Suite ()no Univ 'r niy Lf
41330 East We~t lighU--Y E'fl 'R
thshinotcrt, PC 200111

I Dr. John R. Frvi-ri,.sen 1he irA Ccrvir. Cr

flolt Ec-ranek I~ N-.'i.nn 1700 -,,~in ?r
5 0 !'cul c n ltxce~t ?;niPnc*CA ''

Cambridge, i:A C.?1133
1 Dr. F-oder ick Ijycx-f'.e U

1 Dr . Al ind~tt Fr itelan "Dth U.nd L -r~cr te
Depart-nit cf PsychclcLy I)C 'idn 'ULrot
University cf Albterta S,-rti ?'riaCA 'W
Edmonton, Alberta
CANADA Tr6G' ?E9 1 Dr. J.-incs F. liclffzr,

D,--p rlrnent cf' P,;ychorlc ~y
I r . R. EJwrdGsemi Univcrsilty cC l.r

Department ci' DEcc~ .r *O r 111
University cf Crliforni-3
Los A.l',CA 91024 1 inFr'' i.

'Eu'Z n T
1 

~ n ' (r'.-2 'tr'
*1 DR. FCBEPT GJLA ER P. 0. : x11

1).-; E Rs17 Y IIITTGB5U~lci
3039q I ~.2RE Dr. I ic y e
PITTSRUTRGI, PA 1 5?13 1),p, rtmor hc I cc,-y

t'l Ivrni *y o f 1
I Dr. ?tirvin P. Glc.-!k rYp. n. L~1Q

217 Stone2 I1:1
Ccrn- j1 IVivcrsity I Li br 'ry
Ith ca, NY 14'r5? r1~P2 W:L n r: v 15,1cr

I r. T'anie l Gc-p.r C--r;9 I , CA n~1
Industri il d .ngei n gi nec'rin',,
Toeh jo 1Iflst i tutj'e c f Tt cisc 'Ic, y 1 Pr.P r 1 1:1,1t
I i fa Vk pt I I's y -I 1 "y
M GRA FL U: .tyf

1 0. JAM ES 0. GRFFI!O
LR DC 1 Dr ;jv' V.

LIV'F.Hf ITY ol 1T'' VUI. .c 'y:.

P:TBU~H ,PA 15.3 .n

I Dr. Ron H.uwitlelon 1 Dr. I oIr Lit:

Schccl cf Fd-uceticn ';'"1 I(fL . y
Univercil y of I~hr1t I% -vI r
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Ncn Govt Nc n G(,v t

Dr. Pov iJ !(ieraTs I Dr. Dcf Id A llor:n
Dpc!rt7,cnt. of Psychology LN pt. f E';c~ YC-C19
Univcr.,ity cf* Arizcn,.i Univ. of Cjh-fcrni-, , fiei',o
Tusoon, AZ 05721 La Jvlij,1 CA 92013

Dr. Stephen Kcsslyn 1 Dr . "t1v n R . fovick

f.arvi ,d University 1, 1~ ui hiu5t C- n t er for Ve~Isur:;,ont.
D'~pirt:ret of Psyeh!clccyy Un ivor:;i ty of Ic'i

33. KirI~1zird sitre-et Ickw- Ci Ly, IA 5224?
Cambrid-le. M!A 021'"

1 Dr. J,-sse Orlansky
M1r. Ha2rl in K!-cger Instjtw-t- for £)cftise Anal~scs
1117 Vii, Gota 1100 Arty Navy Dr Ive
Palos- Vterc~vs Fsttes, CA 90?7J Arlin,,.cn, VA 2220l2

Dr. Jill Larkin 1 Dr. 'riur A. P~p-,rt
IX-!port'vntI of Psychctc',y !asc~sts1 nstit.t of Techiolozy
Carnegit: 1' lon tlniv.rsity Artif~iii Intl ~ L:-,b
Pittsbur,1i, PA 15213 5115 Tecohnclc,,gy Squ-rt'

Cumrbridgo(-, HIA C21.
Dr. Alzn LcsZ~l'1d

Lenrnin' RD Ctfnter 1 Dr. Jirnes A. Pauln
Univcrsity of Pittsburgh Pcrtil Sito University
Pittsb~urf,,I, PA 1r,,"60 P .O. [c(;X 751

Pcor ti inJ , OR qC '27
Dr . Ch~tIn L,2 vis
Faculteit !cciiie ctc'. nschappen 1 14R. LUIGI PETPULL',
Rijksunivcrrit'it Gronin.gen 24J31 '. ED)GEWVCCD
Oude IFote'rino(-str.it ARLINGTON~, VA 2?7
Groniin 'en
IIETHERttAPS 1 Dr. 1'irthij Poi1so n

D,:p ,rumrnt. of PsyQ'-lc~y
Dr. Jjr'i s Lu'nsden Univicr:;ily o f 2c lI ,ric
r -p.-rtme-nt of Pf-ycho .Ily Boulder, Cnl3~
Univernity of W enAust!mil P.

Nedl1awls 'J.A. 1 DRh. PFTKR POL.7):.j
AUSTI'ALIA rM:PT. C'F P2 YCHOL'--Y

Dr. fNan. V-iller [:C11IPR. *cc o

Cc.,iput'-r ?e i'~ncc Librracory
Tc'x:; f~u'rts n.1 r. ?Y ,vfn F. Pclr
til - 71c ~ , P.O. E-ox ?%~ "rin f ~. :~

Dallcis, IX 7W')'-I5r c ~~ .f % nv r

:).Allc-n I!unro

F'I r-,ni fve. , Fr-u- th F1 oor Rv I A R!~~ I cCI
Awlon. P tac CP )1?7'7 117 l Fv:i' :

rLiu*CA "''
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111T .L. RA!J('i 1 C~ni on Cc,,ni~ ivu R.,?se.,rch

P 11 '4 Dr. Lonnie R. "!,-r-rcd
jUND!N , TSTVPI"N 11'7ER VETFTP1GUTG Scciil Sc jen-e Ronce.-rch Council

PO TF 'f ''1 13.2) 591) Third Avcnu-
D- 13 1 GERI'2ANY New York, NY 1'1

1 Pr. Dlk . R~k ~1 Rcb--rt S. S'i et; cr

F-lucztictinil P-.;Yc'clc,',y Dcpt . Asf;ociate Pro fc.sscr

lniVcr!'.ity of iuS,(ri-CClibio Cirnf;e~1lo Ini,rtity

L; Hill 1Pall De 1) 3r , t cf P ",v , clIc ',y
C Iti h i, I, YO ('521 1 Scl,.criley P,.rk

Pitt~Shu)_;h , PA 1( ,1

1 Dr. Fred Reif
"SSA " F * 1 D r . R-cr I .- -i ith

c/c Pnysics Dc ,p: r t r,,e t t Dr, iar t -i .- t cf 'C' - i r rc i er. c

U n iv c.-s 1 ty of C(-,I;fc r n ia R u rs L a1i v ,r s iy
Fc-rkol y, CA 9fl710 New Wvnwc ,' -J UrlS ? Lc

1 Dr. Inrow 1' Rcs 1 Dr . Ri ch.-rd Thow

Amcric~n ln st1 Lt tc for R -search 'Schoocl of Educi' un.

olD9Th1o'i, 10s J- f f r 7c 1 St. -J St an fcrd Un iv cr s it y

V: s ntn C 2 St an fo rd , CA '9'4 ;

I Pr . Frnst Z. Rcrhkc ,)f' 1 DR. AlTPPPT STEVEfV

! 1cl Lboratorie's VOLT kERMTFK & N El..'AN. IC.
6 )(l Mi Ull: in r2 fl. :!)lT ' ); LYO T P Fr

Virray :hi11. !l NJ Y07'4 CANBII LXI3, PA (' ? 1 ~

I B(PR F iI IKWO f I ' T 'i TA 1 Dr . Th c rna s G. ,t i c h
DEPT. OF P';YCH(7.c'Y Dirctcr, r~~Sllillzs Divisic'

?J'!lVFK. VrY 2'F TFN :F KCSFE HUl I RO(

RN 'YV I LLF. TN l 1 C300 N1. 'vl: shi n ,tor " r. ,t
Alcxandriai,VA\2~'

lr rw~n far;'scn
lprir t cf pzsy't.c logy D r. PDtv id So

* Un. i v, r si ty cf S~intnED

> ~ ":., A o~ ~SUNY, Alb,31y
Alb-ny, NY 11 k_)')

P2Y 1 1 .%71 1 I sK"

Cr . A l FA : Tic. anr 'F

D'pr ti;c f c' nid r
11ii tin Cc 11

C In~c *'Y I
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Non Go-vt Non Ccvt

1 Dr . Hir ih:r n F-w rinath~in 1 Dr . Ho u:ird WV' iner
L-ibor,-o'ry of Psychomettric -nA ['urenu of Soci,3l S Ci -(,e Research

Ev '-I:uticn F-.ncarch 19910 11 Strec.. N. ',.
School of Educaiticn WashinL1on. DC 20r)%

Oniverci ty c f ;.- cS.!Ciusetts
knrhert, !!A 01003. 1 Dr. Phylis 1:..?;ver

Grau:.uSchcl cf Fduciticn
1 Dr . Ki kuii 1Th!tsLoki Virv;'rd Un iversitLy

Ccimputt'r PicjFUoaticn Resea.rch 200 Lar.acn Hill, Appiicn Va ,y

L i tc rnto ry Cambrid,,,t , MA 0271?Z1
25?2 En.,i-.o rin, i_,e rch Labcrntory
Un iverc,,i I~y cf C H 1iwois 1 Pr. 1,v ii J. W~eiss

Urbmn: , IL 61 zD1 NW)& Filiott Hall
In ivt rnity of' Minnescoti

1 £r . Pi-!v i Th11iss -n 75 F. Fiver Road
ne P.-)rt rt of' Psyrfhology ?'dnneap(tis, !1N1 !1m
Un ivEr -, y of Ki; r rs:,s

Lar *no IK., %fl)1i' 1 Dr. IKcth T. WAs -curt
Inforni ticn Sc icnuo:; Pk,_pt.

I r. John Thoms Th e R.r-i Cc.r por-,t i cn
TU. Pi--; s J. Iatson Rescarch Center 1"O0I 11-in S
P. 0. PCx Santa tMnicza, CP 00L4n(
Yc r k t c 'i s NY 7059.9

1 DR. SL F. 'HiTLL[Y
I pR~. P-,.fPYry m~o PSYC[ 2L22,-, DFPART"'VTY

170 "M 2TVETLAM F FNC , KANrSAS (;I T; ';
SANTA ~2VCA 1) . 1

1 Dr. Chriztcph- r U.jc,('n-s
Pr. IcwU2I-! Toi~ne Dopzrt.'w!t of Pc-,y,- Ilc ,y
Univ. (,f fSo. Ca1ifornin Univ-r'Si~y of I11 i n'.-i.,;

Phvir1To'Thnc icoy L- bs Ch zmipdi; , 1 1L 61.R20
1(~I p S. F In-j Av c
R-dcn,:c >''*CA 077 1 Pr . J. f.!-thur Vo~a;

Do p~iti,tr1' of P3 yc c,', ~y
Dr. J. 'I*l :-nf-r Un iver:;itv of Ca Iiforr-i i
PvrroV '0n g *. Los An oCA 90021

f'171 V iro ,*v:Iiv

rVcc r r I ,j :! t_!- CJn

1D"p. of P.; yo' 1( "
- 1 iv, r-F: .y

Fvorr r , it. ^ ') I

U-1 i v (.1'; 11' 1,1f .
nai it,,: fi r ic s ar

Intl A t__,!-


